A B S T R A C T Elevated levels of cholesterol synthesis are reported for several young children with homozygous familial hypercholesterolemia (HFH) and are considered to contribute directly to their hypercholesterolemia. In contrast, increased cholesterol production has not previously been found in adult patients with HFH. Using the fecal steroid balance technique, we studied rates of cholesterol and bile acid synthesis in a 24-yr-old man who had severe hypercholesterolemia typical of HFH and who lacked skin fibroblast low density lipoprotein (LDL) receptor activity.
INTRODUCTION
A major abnormality of cholesterol metabolism in patients with homozygous familial hypercholesterolemia (HFH)1 is thought to be diminished binding of low density lipoproteins (LDL) to many cells (1) . Skin fibroblasts from HFH patients cultured in the presence of LDL show an increased synthesis of cholesterol because of a lack of internalization of cholesterol that normally suppresses synthesis. If the same defect exists in vivo, an increase in total body synthesis of cholesterol might be expected. Indeed, an overproduction of cholesterol has been found in several young children with HFH (2) (3) (4) . Older homozygous patients (5, 6) , or those with heterozygous FH (2, (7) (8) (9) , however, have not been found previously to have abnormal cholesterol synthesis. These observations led to the hypothesis (4) that excessive production of cholesterol in HFH is manifested only in childhood and is offset later in life by other factors restoring cholesterol production to normal.
We report here studies in a 24-yr-old adult with LDL receptor-negative FH. This subject is unusual compared with previously studied HFH individuals in that at least one of his parents has normal circulating cholesterol levels and normal LDL receptor activity. The patient demonstrated increased synthesis of both cholesterol and bile acids on a normal diet. When he was placed on a diet high in glucose and low in fat, however, cholesterol and bile acid production diminished greatly. These results suggest that abnormal cholesterol synthesis may exist in adult patients with HFH, and may also be subject to dietary control. (14) , respectively, as adapted to the autoanalyzer. Total plasma cholesterol or triglyceride was obtained by summing the lipid concentration in each lipoprotein fraction.
METHODS
Cholesterol balance. Measurements of cholesterol balance were carried out as described previously (15) . Stools were collected daily and aliquots were taken for analysis of neutral steroids (16) and acidic steroids (bile acids) (17) . Beta-sitosterol (110 mg, twice daily) was used as an internal marker to correct for losses of neutral steroids that may have occurred during intestinal transit (18 The finding of an increased synthesis of cholesterol in an adult patient with HFH is important because it firmly establishes the existence of this abnormality in HFH. A concern from previous studies in young HFH patients was that an elevated synthesis of cholesterol might be spurious, since it was possible that a relatively high rate of cholesterol synthesis might be common in both normal and HFH children, but had gone undetected in healthy children because of insufficient studies of this age group. Since the normal range for adults is well established, the results obtained in the present patient remove any doubt that HFH can be associated with a marked overproduction of cholesterol.
Patient J.L. presented a pattern of excretion of fecal steroids similar to another HFH subject reported recently by Schwarz et al. (4) . Both patients had approximately three times normal production rates for cholesterol and bile acids. The observation of an excess production of bile acids eliminates the possibility that the elevated cholesterol synthesis was secondary to an isolated malabsorption of cholesterol; if this were the case, synthesis of bile acids should be in the normal range, since experimentally-induced inhibition of cholesterol absorption in human subjects occurs despite continued normal bile acid secretion (20) . Also, for the reasons cited by Schwarz et al. (4) , an isolated malabsorption of bile acids also is unlikely. Essentially, these reasons include the doubtful association of a second defect in absorption of bile acids in the extremely rare HFH patient, a normal fraction conversion (32%) of newly synthesized cholesterol into bile acids that would not occur with bile acid malabsorption, and the absence of any evidence of gastrointestinal dysfunction. The finding of a similar pattern of excretion of bile acids in these two patients with HFH further reduces the probability of a defect in absorption of bile acids.
It is well established that the hypercholesterolemia in HFH is due to both a decreased fractional catabolic rate (5, 21, 22) and an increased synthetic rate (22, 23) In the present study, the ingestion of a high-carbohydrate, low-fat diet (Vivonex) reduced circulating LDL-cholesterol levels, and this change was associated with a reduction in the synthesis of cholesterol and bile acids. This observation confirms our recent report that continuous or intermittent administration of intragastric Vivonex to a young HFH patient induced a rapid and marked fall in plasma total and LDL cholesterol (up to 57% below untreated levels) (11) . Although total and LDL-cholesterol concentrations responded only modestly to Vivonex in J.L., cholesterol synthesis decreased substantially. In both patients, xanthomatous lesions regressed, indicating that the effect of Vivonex was not due to deposition of excess plasma cholesterol in peripheral tissues.
Our finding that a high-carbohydrate diet low in fat can inhibit synthesis of cholesterol confirms and extends results obtained in several previous studies. Thus, several HFH patients undergoing portacaval shunt operations have been treated for 1-3 wk before surgery with total parenteral alimentation and have shown striking reductions in serum total and LDLcholesterol levels (5, (24) (25) (26) . Glucose contributed a major portion of the calories contained in their parenteral solutions. In addition, Winitz and coworkers (27) observed marked decreases in serum cholesterol in healthy, normocholesterolemic men fed a liquid diet composed of glucose, essential amino acids and small amounts of essential fatty acids. Finally, Den Bestin et al. (28) administered intravenously or orally a liquid diet comprised of 80% glucose and 20% amino acids to healthy men. Serum cholesterol fell rapidly in all subjects, regardless of the route of administration, although the hypocholesterolemic effect was more pronounced during continuous, intravenous feeding. In these subjects, fecal cholesterol and bile acid excretion diminished greatly during intravenous alimentation.
In summary, we have confirmed that HFH can be associated with overproduction of cholesterol and bile acids even in adults. Since the LDL receptor pathway that functions in most peripheral tissues (1) also appears to exist in hepatic parenchymal and intestinal epithelial cells (29) , then the observed increase in synthesis of cholesterol in HFH may be related to a decrease in hepatic and intestinal LDL receptors with a release of feedback control. In addition, the excess cholesterol synthesis may be curtailed by a high carbohydrate, low-fat diet. Although this diet can reduce circulating levels of LDL-cholesterol, the magnitude of the cholesterol-lowering effect appears to vary among patients. Nevertheless, a high-carbohydrate, low-fat diet may prove to be an adjunct in the treatment of patients with HFH.
